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ABSTRACT 


This  report  details  a  facility  for  the  fabrication  of  quality  permalloy  plated 
wires  for  computer  memory  applications.  A  description  of  the  sequence  of 
steps  for  a  continuous  plating  system  is  included.  Related  parameters 
pertinent  to  production  of  reproducible  uniform  films  and  reduction  of 
mechanical  stresses  are  discussed;  e.  g.  memory  element,  electrolytic 
cleaning,  electropolishing,  substrate  surface,  thickness,  bath  composition, 
and  analytical  techniques. 

The  instrumentation  necessary  for  measurement  of  switching  time  is 
described  briefly. 
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PROCESSES  AND  TECHNIQUES  FOR  FABRICATION  OF 
MAGNETIC  PLATED  WIRE 

OBJECTIVE 

The  objective  of  thi*'  report  is  to  indicate  the  level  of  achievennent  in  the 
development  of  a  continuous  plating  technique  to  be  utilized  for  the  fabrica¬ 
tion  of  magnetic  alloy  films.  This  process,  which  is  phase  one  of  a 
permalloy  film  study,  is  considered  to  be  the  most  feasible  for  obtaining 
lower  and  more  uniform  values  of  coercive  force  (2.5  oersteds)  and 
anisotropy  (5.0  oersteds).  The  coercive  force  and  anisotropy  along  with  a 
small  magnetostriction  determine  the  characteristics  necessary  for  utiliz¬ 
ing  magnetic-film  elements  as  memory  devices.  Such  properties  provide 
the  means  for  nondestructive  readout. 

Phase  two  and  subsequent  phases  will  deal  with  the  results  and  data 
obtained  with  investigating  the  binary  alloy  81  Ni-19  Fe,  ternary  alloys 
4-79  molybdenum,  phosphorus-nickel-iron,  etc.  made  possible  through 
the  development  of  this  continuous  multistep  operation. 

INTRODUCTION 

When  a  non-magnetic  wire  is  electroplated  with  a  magnetic  thin  film  in  such 
a  manner  as  to  establish  a  circumferential  magnetic  easy  axis,  the  film  is 
capable  of  providing  a  nondestructive  readout  mode.  The  plated  wire  acts 
as  its  own  sense  line  and  information  write  line.  The  information  is  stored 
by  clockwise  or  counterclockwise  magnetization  of  the  film  which  represents 
a  stored  1  and  a  stored  0  position,  respectively.  A  small  current  writes 
the  information  into  the  wire  which  provides  the  circumferential  field  used 
for  steering  the  magnetization  in  the  desired  direction.  The  magnetization 
vector  rests  in  the  1  or  0  position,  dependent  upon  the  direction  of  the  bit 
current.  The  bit  current  in  the  wire  is  time-coincident  with  a  word  drive 
current  flowing  through  a  word  strap  at  right  angles  to  the  plated  wire. 

In  order  to  accomplish  nondestructive  readout,  a  word  drive  field  is  applied 
which  rotates  the  magnetization  vector  less  than  90*  from  the  easy  axis. 

The  amplitude  of  the  word  current  is  controlled  so  that  when  the  current  is 
turned  off,  the  magnetization  vector  returns  to  its  original  rest  position 
under  the  influence  of  the  anisotropy  and  demagnetization  fields.  It  is  to  be 
noted  that  the  word  drive  current  used  for  reading  stored  information  has 
the  same  polarity  and  amplitude  as  for  writing  in  new  information. 

Figure  1  shows  information  storage  on  plated  wire  which  illustrates  drive 
currents  and  resulting  magnetic  fields  during  information  handling.  Read 
and  write  operations  are  also  portrayed  which  illustiate  drive  currents 
and  plated-wire  signals  plotted  against  time. 


Ferrite  cores  and  planar  thin  films  have  been  in  the  forefront  for  memory 
applications;  however,  the  plated-wire  technique  may  replace  them  in 
many  memory  applications.  Plated  wires  are  potentially  more  economical 
to  produce,  can  be  switched  rapidly,  and  can  be  operated  in  a  nondestructive 
readout  mode. 

To  fabricate  wires  suitable  for  memory  application,  the  effecting  of  a 
smooth,  clean  substrate  surface,  control  of  substrate  residual  stress,  and 
amount  of  stress  in  the  deposit  must  be  given  primary  consideration.  In¬ 
vestigation  has  shown  that  the  best  method  for  controlling  these  conditions 
is  through  a  continuous  plating  process  which,  as  described  in  this  report, 
is  subdivided  into  a  substrate  preparation  process  and  a  permalloy  deposi¬ 
tion  process. 

PRELIMINARY  CONSIDERATIONS 

1 .  Memory  Element 

The  most  likely  configuration  would  be  a  solid  permalloy  wire, 
but  this  has  a  poor  device  geometry  which  does  not  provide  uniform  switch¬ 
ing  field  at  all  radii.  A  tubular  geometry  is  more  desirable,  but  it  is 
impossible  to  draw  tubes  of  required  wall  thicknesses.  A  satisfactory  tube 
geometry  may  be  obtained  by  electrodepositing  a  thin  magnetic  plating  on 
a  non-magnetic  wire.  The  present  element  consists  of  a  wire  substrate 
made  of  beryllium- copper  drawn  to  a  diameter  of  0.005  inch,  having  mini¬ 
mum  roughness  and  maximum  randomness  of  orientation  upon  which  the 
Ni-Fe  alloy  is  electrodeposited. 

2.  Substrate  Preplate 

After  removal  of  organic  soil  and  loose  dirt  with  an  alkaline 
cleaner,  and  surface  oxide  with  an  acid  dip,  the  Be-Cu  wire  still  shows  pits 
and  small  scratches  under  microscopic  examination.  A  one-micron  (10,000 
angstroms)  magnetic  film  plated  onto  this  surf  ice  with  no  further  prepara¬ 
tion  will  sharply  increase  the  values  of  dispersion  and  minimum  bit  writing 
current,  depending  on  the  local  surface  roughness  of  the  substrate.  ^ 
Therefore,  a  metallic  preplate  having  randomness  of  orientation  is  used  to 
smooth  the  surface  although  it  does  not  eliminate  surface  imperfections 
completely.  Both  copper  from  a  commercial  plating  bath  and  gold  from  a 
commercial  proprietary  plating  bath  have  been  employed  in  this  study. 

3.  Thickness  Measurement 

Presently,  the  amount  of  preplate  and  permalloy  are  determined 
by  a  combination  of  the  average  thickness  method  and  speed  of  the  wire 
through  the  system.^  A  B-H  loop  tracer  is  being  fabricated  which  will 
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show  the  flux  characteristics  (squareness  ratio,  coercive  force,  and 
anisotropy)  of  the  plated  wire.  By  comparison  with  a  plated  wire  of  known 
film  thickness,  it  will  be  possible  to  estimate  quickly  the  thickness  of  the 
in-house  produced  samples. 


A  apectrophotometric  technique  has  been  used  for  *.ne  quantitative 

microanalysis  of  the  nickel  and  iron  content  in  electrodeposited  nickel-iron 

alloy  films,  but  this  metliod  '  oved  to  be  time-consuming  and  impractical. 

For  the  determination  of  nickel,  the  dimethylglyoxime  oxidizing  agent 

method  was  used  and  the  absorption  of  the  solution  measured  at  the  wave- 

o 

length  of  minimum  transmission  (47b0  A).  For  the  determination  of  iron, 
the  1,  10-phenanthroline  complex  metliod  was  used,  and  the  absorption 
measurements  made  at  a  wavelength  of  4900  X  utilizing  a  Beckman  Model 
DU  spectrophotometer  in  both  cases. 

Presently,  a  microprobe  .echiuque  is  being  used  whereby  an 
X-ray  beam  probes  the  surface  of  a  standard  nickel-iron  permalloy,  and 
qualitatively  compares  the  nickel  ano  iron  intensitiea  with  those  of  the 
prepared  test  sample.  With  more  co.mplex  manipulations,  the  microprobe 
can  tell  the  exact  quantitive  ratios,  and  is  being  investigated  to  develop 
this  capability. 

Figure  2  shows  the  type  of  switching  time  pattern  that  can  be 
obtained  with  this  facility  and  is  measured  by  a  laboratory  modification  of 
standard,  techniques.  An  oscilloscope  is  used  to  read  the  switching  time. 
Bare  Be-Cu  wire  is  used  for  noise  cancellation  and  a  printed  circuit,  for 
the  word  strap. 

5.  Bath  Composition 

Iron  and  nickel  can  be  codeposited  from  aqueous  solution  because 
their  standard  potentials  lie  close  together.  Iron  behaves  anomalously 
depositing  from  solution  at  a  much  faster  rate  than  the  more  noble  nickel; 
therefore,  one  can  expect  to  find  it  in  lesser  proportions  in  the  bath  solu¬ 
tion.  The  composition  of  the  alloy  is  controlled  by  adjusting  the  relative 
concentration  of  the  individual  salts  in  solution.  To  obtain  an  81  Ni-19  Fe 
permalloy  film,  the  ratio  is  approximately  80  grams  of  nickel  to  1  gram 
of  iron  from  a  salt  in  solution.  Both  luckelous  and  ferrous  sulfate,  and 
nickelous  and  ferrous  sulfamate  salts  have  been  used.  The  parameters  of 
additives,  pH,  temperature,  and  agitation  also  play  important  roles  in  the 
permalloy  film  deposition.  Boric  acid  has  been  employed  as  a  buffering 


agent  for  controlling  pHj  and  the  sodium  salt  of  a  naphthalene  sulfonic  acid 
for  reducing  stress  in  the  film.  The  temperature  range  studied  was  be¬ 
tween  50  -  55* C,  pH  2.9  to  2.5,  and  the  agitation  provided  by  a  circulating 
pump  at  approximately  1700  milliliters  per  minute.^'  ^ 

PERMALLOY  FILM  PROCESSES  AND  TECHNIQUES 

1.  Early  Methods 

The  first  attempt  at  producing  quality  films  can  be  considered  a 
stationary  method  as  the  cylindrical  wire  substrate  was  attached  to  a 
plaetic  holder  which  was  inserted  by  hand  into  a  plastic  container  (Fig  3). 

It  was  found  necessary  to  subject  the  wire  to  a  series  of  treatments  in¬ 
volving  cleaning,  deposition  of  a  preplate,  and  finally  permalloy  plating. 
None  of  these  operations  involved  circulation  of  solution.  This  multistage 
handling  produced  irregular  aud  rough  surfc'.ces  which  resulted  in  inherent 
mechanical  stresses,  non-reproducibility,  and  non-uniformity  of  switching. 

During  electrodeposition, which  involves  reduction  of  nickel  and 
iron  ions  from  solution  to  a  free  metal  at  the  cathode  solution  interface,  a 
cation  depletion  region  occurs  in  the  vicinity  of  the  cathode.  Agitation  in¬ 
fluences  this  depletion  layer  which  in  turn  varies  the  plate  composition. 
Therefore  the  second  attempt  at  producing  quality  films  incorporated  a  lab¬ 
oratory-designed  plating  cell  (Fig  4)  for  providing  circulation  of  the  plating 
solution.  However,  the  results  with  this  semi-continuous  operation  were  no 
better  than  with  the  previous  stationary  method. 

2 .  A.  Continuous  Plating  System^ 

Acceptable  plated  wires  were  produced  using  a  continuous  plating 
system.  The  treatments  required  for  high  quality  are  accomplished  by 
passing  the  wire  continuously  through  a  series  of  treating  cells  where  clean¬ 
ing,  straightening,  polishing,  gold-plating,  and  nickel-iron  plating  are 
carried  out  under  controlled  conditions.  The  system  is  divided  into  a  sub¬ 
strate  preparation  process  (Fig  5)  in  which  the  wire-feed  rate  is  9  inches 
per  minute,  and  a  permalloy  deposition  process  (Fig  6)  in  which  the  wire- 
feed  rate  is  6  inches  per  minute. 

Current  is  provided  by  power  supplies  located  along  the  process 
path.  A  refurbished  24-inch  bicycle  wheel  rotated  by  a  motor  winds  the 
gold-plated  wire  during  the  substrate  preparation  process.  The  same 
wheel  with  the  gold-plated  wire  is  fitted  into  the  permalloy  deposition 
process  and  the  wire  is  pushed  through  the  system  by  means  of  a  set  of 
cylindrical  rollers  and  adjustable  speed  motor  control  unit. 

a.  Substrate  Preparation  Process 

The  plating  system  consists  of  a  series  of  identical  cells, 
each  two  inches  wide,  two  inches  long,  and  three  inches  high.  These  cells 
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are  machined  from  a  ao^id  Incite  block  and  contain  Teflon  inaerta  for  guid¬ 
ing  the  wire  through  the  ayatem.  The  inaerta  are  attached  to  a  Teflon 
plating  chamber  deaigned  to  give  uniformly  high  agitation  along  the  entire 
length  of  wire  being  operated  upon.  A  centrifugal  pump  for  :ee  the  electro¬ 
lyte  or  rinae  water  through  an  inlet  tube  through  the  plating  chamber(Fig  7) 
which  haa  three  ataggered  rowa  of  holea  drilled  through  the  wall.  The  aolu- 
tion  ia  forced  through  theae  holea  and  impingea  on  the  aurface  of  the  moving 
wire  at  high  velocity.  It  ia  removed  through  a  low  impedance  diacharge 
reaervoir  that  connecta  with  a  drain  or  an  electrolyte  veaael.  The  electro- 
lytea  are  held  in  veaaela  fitted  with  heatera  and  temperature  controla. 

During  thia  proceaa.  a  5-mil  beryllium- copper  wire  acting 
aa  cathode  or  anode  ia  pulled  through  the  ayatem,  and  ia  aubjected  to  the 
following  treatmenta: 

STEP  1  -  Electrolytic  Cleaning;  The  aelection  of  an  appropriate  cleaning 
method  dependa  on  the  type  and  quantity  of  the  a  oil,  metal  conq>osition 
and  aurface  texture,  and  the  degree  of  cleanlineaa  required.  In  electrolytic 
cleaning,  the  generation  of  large  quantitiea  of  gaa  cloae  to  the  a  oil  ia 
effective  in  providing  a  high  level  of  mechanical  agitation,  which  ia  known 
aa  acrubbing  action.  In  thia  atep  the  gaa  ia  generated  at  the  cathode  or 
beryllium- copper  wire  aurface.  Oaldte  191>  a  commercial  detergent,  ia 
uaed  in  the  amount  of  60  gram  per  liter  at  53* C. 

STEP  2  -  Straightening:  The  commercially  prepared  tempered  0.005-inch- 
diameter  beryllium- copper  wire  appeara  to  have  an  inherent  twiat  and 
atraiu  which  ia  beat  removed  by  an  annealing  proceaa.  The  annealing  ia 
accompliahed  after  cleaning  and  water  rinaing  by  moving  the  wire,  which 
ia  under  alight  tenaion,  through  a  furnace,  at  leaat  13  inchea  long,  at 
540* C,  with  an  atmoaphere  of  forming  gaa  (88%  nitrogen- 12%  hydrogen). 

STEP  3  -  Electropoliahing:  Oxide  acale,  pita,  and  deep  acratcn  marka 
produced  during  annealing  contribute  to  bad  apota  on  the  wire  and  are 
removed  through  a  continuoua  electropoliahing  of  the  wire.  The  wire  ia 
made  anodic  in  an  electrolyte  containing  18  grama  of  cupric  pyrophoaphate 
per  liter  of  85%  ortho  phoaphoric  acid.  A  copper-wire  gauze  cylinder  uaed 
aa  the  cathode  ia  placed  in  a  glaaa  unit  4  inchea  in  dia.neter  and  0.  3  mil  of 
material  ia  removed  from  the  aurface.  The  electrolyte  temperature  ia 
60* C  and  poliahing  current  450  mA.  Figure  8  ahowa  an  electron  micro- 
acope  ahadowgraph  of  the  aurface  of  the  wire  obtained  from  thia  poliahing. 

STEP  4  -  Gold  Plating:  After  rinaing,  approximately  7000  angatroma  of 
gold  ia  depoaited  on  the  wire  to  form  a  subatrate  which  doea  not  produce 


5 


epitaxial  growth  in  the  subsequent  permalloy  deposition.  A  commercial 
acid-type  electroplating  formulation,  which  produces  gold  coatings  of 
99.  9%  purity,  having  hardness  values  between  130  and  170  knoop,  was 
used.  The  plating  current  is  set  at  25  mA  and  bath  temperature  at  35°  C. 
Figure  8-1  shows  an  electron  shadowgraph  of  the  gold-plated  wire. 

b.  Permalloy  Deposition  Process 

During  this  process,  the  gold-plated  wire  is  cleaned  electro- 
lytically  and  a  nickel-iron  film  approximately  10,000  angstroms  in  thick¬ 
ness  is  deposited.  A  0.  5  amp  current  equivalent  to  15.  7  oersteds  through 
the  wire  during  the  deposition  causes  circumferential  orientation  of  the 
magnetic  easy  axis  of  the  film.  The  plate  current  was  at  22  mA  while  the 
bath  temperature  employed  to  date  was  50  C. 

CONCLUSION 

A  laboratory  plating  apparatus  has  been  established  for  producing  contin¬ 
uous  plated  wire  on  an  experimental  basis.  This  facility  uniformally 
reproduces  high  quality  permalloy  films  (81  Ni  -  19  Fe)  on  beryllium  copper 
wire  having  near  zero  magnetostriction  and  comparable  to  the  better  plated 
wires  produced  by  Industry.  It  was  also  found  possible  to  eliminate  the 
cooling  process  step  in  this  apparatus  due  to  the  extremely  close  control 
of  the  electr  ipolishing  step  which  follows. 

This  facility  will  be  used  to  prepare  other  promising  permalloy  films  such 
as  the  ternary  molybdenum  alloy  (known  as  4-79  permalloy)  and  nickel-iron- 
phosphorus.  It  is  anticipated  that  these  alloys  should  have  improved  "creep" 
and  aging  characteristics  which  presently  lir.iit  the  packaging  density  and 
the  read-write  cycle  time  of  plated  wire  memories.  (Creep  is  the  localized 
magnetization  reversal  caused  by  the  cumulative  effect  of  small  disturb 
fields  which  are  individually  too  weak  to  switch  the  magnetization  in  a  single 
application. ) 


6 


REFERENCES 


1.  M.  W.  Sagal,  "Preparation  and  Propertie*  of  Electrodepoaited 
Cylindrical  Magnetic  Films,"  J.  Electrochem  Soc. ,  pp.  174  -  176, 

February  1965. 

2.  Blum  and  Hogaboom,  "Principles  of  Electroplating  and  Electroforming,  " 
Third  Edition,  McGraw-Hill  Co,  pp.  104,  105,  1949. 

3.  Walter  O.  Freitag  and  Joseph  S.  Mathias,  "Electrodeposited  Magnetic 
Alloys  for  Computer  Uses,"  Sperry  Engineering  Review,  Materials, 

pp.  10  -  15,  Fall  1963. 

4.  Abner  Brenner,  "Electrodeposition  of  Alloys,"  Vol.  II,  Chapter  31, 
Academic  Press,  New  York,  1963. 

5.  Frederick  A.  Lowenheim,  "Modern  Electroplating,"  Second  Edition, 

John  Wiley  and  Sons,  pp.  178  -  181,  1963. 

6.  W.  D,  Doyle,  "Stable  Permalloy  Wire  Memory  Elements,"  Technical 
Report  ECOM-0273-1,  pp.  17  -  19,  August  1967. 


PLATED  WIRE  MEMORY 


Waveform  of  Plated -Wire  Output 


10 


FIG  3 


Methoi  II  Semi continuous 


12 


Substrate  Preparation 


13 


14 


15 


16 


DOCUMENT  CONTROL  DATA  -  RiD 

fSecurifv'  cImBBitication  ol  Utim  body  ot  abalract  and  :nde%in£  annotAtion  munt  be  entered  when  the  overnll  refyort  i%  (  le  h  .%  it  led ) 


1  OPIGINATING  activity  f  Corporafe  author) 

US  Army  Flectronic*  Command 
Fort  Monmouth,  New  Jersey 


\2a  RCPOPT  security  C  l  ASAI  FIC  a  t  ion 


UNCLASSIFIJED  ,  , 


2  6  CPOUP 


3  PEPORT  TITLE 


Processes  and  Techniques  for  Fabrication  of  Magnetic  Plated  Wire 


5  AUTHOPf-*'!  ^Lasf  name,  hret  name  initial) 

Wade,  William  L.  ,  Jr. 
Sands,  Gordon  C. 


6  REPO  RT  DATE 

October  1966  _ 

8a  contract  op  grant  no 


pkojcctno  ITO  62105  A3W  22 


7a  TOT-ALNO  of  pace?  17/5  NO  OFREFS 


9a  ORIGINATOR'S  REPORT  NUMBERI’S; 


ECOM-  5029 


Task  No. 


10  AVAILABILITY  L  I M I  T  A  T  I  O  N  NO  T I C  E  S 


9/>  C'iTHER  REPORT  N0CS9  (Any  other  niimhare  that  may  be  aaai^a.i 
l-Tia  report^ 


This  document  has  been  approved  for  public  release  and  saje;  its  distribution 
is  unlimited. 


■ 

I 


n  SUPPL EMENTARY  NOTES 


12  SPONSORING  MILITARY  ACTIVITY 

US  Army  Electronics  Command 
AMSEL-KL-EM 


13  abstract 


This  report  details  a  facility  for  the  fabrication  of  quality  permalloy  plated  wires 
for  computer  memory  applications.  A  description  of  the  sequence  of  steps  for 
a  continuous  plating  system  is  included.  Related  parameters  pertinent  to 
production  of  reproducible  uniform  films  and  reduction  of  mechanical  stresses 
are  discussed;  e.  g.  both  corrqiosition,  thickness,  substrate  surface,  memory 
element,  analytical  techniques,  electrolytic  cleaning,  and  electropolishing. 

The  fabrication  of  instrumentation  nece&sary  for  measurement  of  switching  time 
is  described  briefly. 


DD  1473 


.-locurity  Classification 


Security  Classification 


u 

KEY  WORDS 

LINK  A 

LINK  B 

LINK  C  1 

noLt 

WT 

ROLE 

WT 

ROLE 

RT 

El«  ctr  odepoRition 

'1 

1 

ID 

O'.: 

' 

PRrmalloy 

■-IT  '  . 

»  »  •  « 

.Ji.f  ■( 

'4*  * 

NIckRl-IroB  Alloys 

Pormalloy  Films 

PUtsd  WiifS  '  '  r  .  1.  -  .-n.-  v.. 

~  ) , 

‘Li 

1  •*  D  1  *  * 

;*n»;  <!■ 

Msgnstic  Film 

Cylindrical  Magnstic  Films 

Msmory  Elsmsat 

if " 

<  •  . 

vT 

.** 

•  #  • 

1  .llik 

• 

1  ,3  . 

,  t 

_ 

1  -a  -■ 

L _ 

INSTRUCTIONS 


I.  ORIGINATING  ACTIVITY:  Enter  the  name  and  address 
of  the  contractor,  subcontractor,  crantee.  Depaftiiient.of  Dc-' > 
fense  activity  'n  other  organiaatton  (corpotmf  author)  issutfig 
the  report. 

2a.  REPORT  SECUffTY  CLASSIFICATION:  Enter  the  over¬ 
all  security  claaaification  of  the  report.  Indicate  whether 
**Restricted  Data*'  is  includeti  Marking  is  to  be  in  accord* 
ance  with  appropriate  security  regulations. 

26.  GROUP:  Automatic  downgrading  is  specified  in  DoD  Di¬ 
rectly*  SfM.  ID^^An^F^ec^  .indti«trialk||«iwsif*£nlf(  . 
the  group  numi^r.  Also,  when  applicable,  show  that  optional 
markings  have  been  used  for  Group  3  and  Group  4  as  author¬ 
ized. 

3.  REPORT  TITLE:  Enter  the  complete  report  title  in  all 
capital  letter*.  Titles  in  all  cases  should  be  unclassified. 

If  a  meaningful  title  caSnot  be  sefti—d  sAthAtR  clasAifieV 
tion.  show  title  classification  in  all  capitals  in  parenthearg 
immediately  following  the  title.  *  * 

4.  DESCRffTIVP  NOTESi*  R  appro^iate,  s^et  ths*iype  ^ 
report,  e.g.,  interim,  progress,  summary,  annual,  or  final. 

Give  the  inclusive  dates. grhen  a  specific  reporting  period  is 
covefcad.-  .;o.  .  Oif-*;*;., 

5.  AUTM09(S)i^  CiRar  tlVflMaaad^gf  flutBofCs)  RS'gaewfltti 
or  in  the  report.  Enter  last  name,  first  name,  middle  initial. 

If  military,  sh6w  rahh^atHf  bMnch  ortsarvWJi"' fMhie  of* 
the  puncipal  is,.^fy^sQlute  mmimi^  rpgpu^eigc^t 

6.  R^ORT  DATE  l^ar  the  date  of  t^  M 

month,  ye  At  or  inoiiMC  fdlst.*  tFvwre  iKan’Ohb  ^ia^e*^^^pears*-  ^ 
on  the  report,  use .^aie, of .fsibli^i^n.  ,  ^ 

7a.  TOTAL  NUMBER  OF  PAGES  The  total  p^  couiU 
should  follow  normal  pagination  procedures.  i.e.,  enter  the 
number  of  pages  ■cootaiging  informatioiw 

7b.  NUMBER  OF  REFERENCES  Enter  the  total  number  of 
referefK-es  cited  in  the  report. 

8*  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  arhich 
the  report  was  writterw 

8b,  ft:,  ft  8d.  PROJECT  NUMBER:  Enter  the  appropriate 
military  department  identification,  such  as  project  number, 
subproject  number,  system  numbers,  task  nunher.  etc. 

9a.  ORIGINATOR'S  REPORT  NUMBER(S):  Enter  the  offi¬ 
cial  report  number  by  which  the  document  will  be  identified 
and  controlled  by  the  originating  activity.  This  number  must 
be  unique  to  this  report. 

9b.  OTHER  REPORT  NUMBER(S):  If  the  report  has  been 
assigned  any  other  report  numbers  feifher  by  fbe  originator 
or  by  the  sponsor),  also  enter  this  number(s). 


10.  AVAILABILITY/LIMITATION  NOTICES  Enter  any  lim¬ 
itations  on  further  dissemingl|eyi  other  than  those 

imposed  by  security  classification,  •  sing  standard  statements 
such  as: 

(1)  "Qualified  'eqUnters  may  obtain  copied' og^ftkt 
report  from  Dt^" 

(2)  "ForeiMi  AieKiuncement  and  MtsaeiMAtiorwtf  lldb 
report  by  DDC  is  not  authorised.** 


.,^3) 


(4) 


(5) 


:iSs'ra«ro‘a'ak8iL'aaM6c 

user,  shall  rs,,uest  throuch  ,  .-iii  •  ; 


■  l 


**U.  S.  military  acancis.  siay  obtain  coplaa  of  this 
rsport  diractly  from  DDC  Othar  qualifiad  usars 
shall  raquast  through 


"All  distribution  of  this  rsport  is  controllsA 
ifiad  DDC  usars  shall  raquast  through 


Qua|. 


•»i  •>  ■  ft  -‘r-.'-'  >'■  I'.Wf  Ml.. 

If  tha  rapoif  has  baan  fumlshad  to  tha  Offica  of  Tochaical 
ftarvicas  *bS|iyi<Btfct‘al^iilwarea,.^  sa1#Mf'M|i  btdBlc,  ilsdl-| 

“rt  lA  •>  r. 

IL  SUPPLEMENTARY  NOTES:  Uaa  foe  additional  asplana- 

^hiSyfibtam'''-’  -iii-*-*  •>  fOif  lo  fi*  ;<>ir 


■12,' 


13 


Esc-m  -  i*666-68 


HEOiaiKI  «njlt«RY  ACnVITiNS 

,  w.  ABSTRACT  Enter  an  abstract  giving  a  brief  and  factual 
i  nummary  of  the  document  indicative  of  report,  even  though 
^  en>^^  eTsewher^irv-  thA^b^Iky  ^  the  FschniclR  re- 

'  port.  If  additional  space  is  required,  A  continuq^qn.pbeet 
shall  be  attached.  *  *  '  9  ^  c.  -  . 

It  is  highly  desirable  that  the  abstract  of  classified  re- 
>  ports  be  unclassified.  Each  paragraph  of  the  abstract  shall 
{  end  with  an  indication  of  the  military  security  classification 
of  the  information  in  the  paragraph,  represented  as  (TS),  (5). 
(C).  or  (V). 

There  is  no  limitation  on  the  length  of  the  abstract.  How¬ 
ever.  the  suggested  length  is  from  IM  to  22$  words. 

14  KEY  ftORDS:  Key  words  are  technically  meaningful  terms 
or  short  phrases  that  characterize  s  report  and  may  be  used  aa 
index  entries  for  cataloging  the  report.  Key  words  must  be 
selected  so  that  no  security  classification  is  required.  Iden- 
fiers.  such  as  equipment  model  designation,  trade  name,  mili¬ 
tary  project  code  name,  geographic  location,  may  be  used  as 
key  words  but  will  be  followed  by  an  indication  of  technical 
context.  The  assignment  of  links,  rules,  and  weights  is 
optional. 


(2) 


Security  Classification 


